ABSTRACT: Prior to the studies reviewed here, only lymphocystis and skeletal deformities of a variety of fish species and certain diseases of eel were known to occur in the German Bight (North Sea). From 1977 until now, 9 externally visible lesions on North Sea fishes were observed; in addition to those mentioned before, they comprise: fin rot, ulcerations, epidermal papilloma, hyperplasia, pseudobranchial tumour, eye diseases and gill swellings. With the exception of information on changes in frequencies of vertebral deformities of herring from the 1950's to the 1970's, there are no long-term data characterizing changes in frequencies of the diseases under study. For pseudobranchial turnouts of cod and epidermal papilloma of dab, information is provided on occurrence and abundance. The distribution pattern of cod afflicted with pseudobranchial tumours is strongly influenced by the migratory behaviour of the fish. Epidermal papillomas of dab were more frequently found at stations within the inner German Bight than in neighbouring areas. The Bight is used for dumping of wastes from titaniumdioxide production. Further disease hot spots are areas off the Humber estuary and the British coast. Analysis of chromium in dab from the German Bight revealed elevated concentrations in epidermal tissues of specimens from the dumping area compared with that found in dab from neighbouring localities. Particulate iron was demonstrated to occur in mucous cells of dab from the dumping area. From increased levels of heavy metals with cancerogenic potential in sensitive target tissues and from increased prevalences of diseased fish in the dumping area it is concluded that these phenomena are possibly causally linked. In the vicinity of the Humber estuary high disease rates were encountered and areas with high prevalences of dab afflicted with epidermal papilloma extended over regions shown to be transport routes for persistent pollutants such as radioactive materials. It is therefore suggested that the long-range distribution of fish diseases in the southern North Sea might reflect the long-range transport of persistent pollutants.
INTRODUCTION
Diseases of marine fishes have received considerable attention during the last few years. This is partly due to the fact that monitoring of diseases of marine fishes has been recommended as a useful tool for biological effects monitoring (McIntyre & Pearce, 1980) . External diseases of marine fishes were recognized as having a potential for biological effects monitoring, among them fin rot, ulcerations, epidermal papillomas and skeletal deformities (Sindermann et al., 1980) . With increasing interest in occurrence and abundance of the diseases of marine fishes a scientific debate developed on the question whether some diseases of marine fishes might be caused by pollution or not. Sindermarm (1979 Sindermarm ( , 1983 has provided the most comprehensive reviews on this subject. His basic assumption is that in animals responding to stress, many responses may result in a departure from normal structure or function (Sindermann, 1983) . Much of the confusion in the present debate on the possible contribution of water pollution to increased prevalences of diseases of marine organisms is due to the fact that the broadness of this concept has not sufficiently been taken into account.
Whenever correlations were found between hydrographic or biotic factors and the prevalence of disease, pollution was readily rejected as a potential cause (Shelton & Wilson, 1973; M611er, 1979 . One of the prerequisites for assessing the disease status of marine organisms are sound baseline data, including information on seasonal and geographical variation in the occurrence of the phenomena involved. This paper reviews results obtained in a 5-yr study on occurrence and abundance of external lesions, diseases, and anomalies of North Sea fishes. During these investigations (Dethlefsen, 1980; Dethlefsen & Watermann, 1980; Watermann et al., 1982} cod and dab turned out to be most frequently afflicted with a variety of externally visible disease phenomena. For this reason, most information considered here concentrates on these two species. A more comprehensive review will be published elsewhere (Dethlefsen, Watermann & Hoppenheit, in prep.) .
STATUS OF FISH DISEASES IN THE NORTH SEA
The occurrence of diseased fishes in the North Sea is not a new phenomenon. Johnstone (1913 Johnstone ( , 1925 provided a wealth of information on diseases of North Sea fishes. Unfortunately, no quantitative information is given on the frequency of the diseases described and the question has to be left open whether or not they were occurring only singularly. Systematic fish-disease surveys in the German Bight, which were later extended to the whole of the North Sea, were not conducted prior to 1977. In the German Bight, lymphocystis in fishes has been known to exist since the tum of the century (Schaperclaus, 1979) . More recent findings on flatfish in the German Bight have been reported by Mann (1970}. A variety of skeletal deformities on a number of fish species was described by Wunder (1971) . Certain diseases of eel -red disease and cauliflower disease -were known to occur since the 1950's in remarkable frequencies (Koops & Mann, 1969; Koops et al., 1970; Peters et al., 1972; Peters, 1975) . Ulcerations on flatfish were first reported by Biickmann (1952) from onshore waters although in the personal files of Jas. Johnstone much earlier descriptions of this disease are found (David Bucke, Weymouth, pers. comm.) .
During 11 cruises between 1948 and 1955, conducted by personnel of the Biologische Anstalt Helgoland in the German Bight, two disease phenomena were found: lymphocystis in dab and plaice, and skeletal deformities in cod and whiting (Table 1) . Only lymphocystis and skeletal deformities had been described in fishes of the German Bight in the earlier literature. Since the 1950's, red disease and cauliflower disease on eel, and ulcerations on plaice were reported. In our studies, conducted since 1977, we discovered many more diseases in fishes of the German Bight: fin rot, epidermal papillomas, pseudobranchial turnouts, hyperplasia, inflammation of the eye, and gill swellings (Table 1) .
Lymphocystis, ulcerations, fin rot and skeletal deformities were found in more than one fish species. Most widespread were ulcers on 15 different fish species encountered during our investigations from May 1980 to January 1982 during 10 cruises, performing a total of 399 trawl catches (Table 2) . (Sch~iperclaus, 1979) At present, almost nothing is known about long-term changes in the frequency of fish diseases in the North Sea. Only two sets of data date back to the 1950's: (1) for papillomatosis of eel (Peters et al., 1972) , and (2) for vertebral deformities of herring (van de Kamp, 1977) . In both cases, an increase in frequencies occurred over the period of investigation. When changes in frequencies of vertebral deformities of herring from different areas of the North Atlantic were compared it became clear that significant increases were restricted to east Scottish waters, the central North Sea, and most significantly, the southern North Sea. On the basis of presently available material it is not possible to state with certainty whether frequencies of diseases of marine fishes in the southern North Sea have generally increased in terms of their prevalence. With the exception of pseudobranchial tumour, fin rot, gill abnormalities and hyperplasia, many diseases presently encountered were already mentioned in early reports.
Yet the data available on frequencies of vertebral deformities in herring do not date back far enough to allow conclusions on long-term changes. Periodicities in production cycles in the North Sea can cover periods of more than 40 years (Russel, I973) . Such long-term cycles can affect the significance of increases in frequencies of anomalies in North Sea fishes over shorter periods. A basic requirement for using diseases of marine organisms as a criterion for assessing water quality -changes in prevalences as a function of time -is therefore lacking in the area under consideration.
In the absence of long-term data, regional comparisons are often used to identify pollution hot spots. In the following, information will be given on occurrence and abundance of cod afflicted with pseudobranchial tumours and dab afflicted with epider- (Dethlefsen, 1980; Watermann et al, 1982) . In some cases, symptoms of the disease can be seen externally at the upper edge of the operculum, but mostly they can only be detected after inspecting the buccal cavity or the gill chamber. The condition has been described by Peyron & Thomas (1929) to occur in cod along the French coast, and reports are available for its occurrence in Norwegian waters (Lange, 1973; Lange & Johannessen, 1977) and Atlantic waters (Morrison et al., 1979) as well as from the Barent Sea (Egidius et al., 1981) . Early tumour stages appear on the pseudobranchial organ as slight swellings. Later stages reach sizes of some cm and occur either bilaterally or, less frequently, unilaterally. Histologically, the main characteristic of the tumours is the presence of X-cells. Details of X-cells, occurrence of multinucleated stages, and characteristics of mitosis lead to the assumption that the agents responsible are amoeba (Watermann & Dethlefsen, 1982) . Further work is under way to examine this hypothesis.
Highest prevalences of this disease were found at stations in the centre of the German Bight. In January 1980, mean infestation rate in this area was 1.9 %, in June 1980 3.1%. In areas outside the central German Bight respective rates of infestation were 0.3 % and 0.6 %. Infestation rates were highest in specimens of year classes I and II. When distribution patterns in winter were compared with those in spring, it became evident that the prevalence of the disease was determined by the migratory behaviour of the cod (Lamp, 1973) . In January the disease was restricted to the centre, whilst in spring it spread over the whole German Bight. There was also a positive correlation with population density which lead to the assumption that pseudobranchial tumours are an infectious disease. Transmission of communicable diseases is favoured by high population density (Munro, t983) . Pseudobranchial tumours are suspected to induce mortalities in host fishes (Stich et al., 1976; McCain et al., 1979) . High prevalences of this disease in young cod and its steep decrease in older ones also indicate that the disease may be lethal.
Epidermal papilloma of dab
The first description of epidermal papilloma in dab Limanda 11manda goes back to Johnstone (1925}. He investigated several dab caught in the North Sea without giving details on the location of the catch, or the prevalence of the disease in the dab population concerned. Johnstone provided figures on external appearance of the epithelioma on dab which resemble the most severe cases encountered in present studies. In 1978 this disease was first found in dab of the German Bight {Dethlefsen, 1980}. Histological comparison leaves little doubt that the symptoms are identical to those described by Johnstone. Papilloma develop to 5 to 30 mm, and sometimes becomes even larger. They can be found on all epidermal regions, more frequently on body surfaces than on fins. Three histologically different phenomena were encountered during our investigations: (1) Hyperplasia consisting of 10 to 15 cellular layers above the basal membrane. The structure is dedifferentiated and polygonal malphegian cells predominate. (2) Epidermal papilloma were characterized by the presence of stroma which protrude into the epidermal part of the tumours (Watermann, 1979}. (3) A macroscopically similar, but histologically different, lesion has been described for dab (Watermann, 1982) , occurring mainly on fins and containing cells with typical X-cell features. In the following, the term "epidermal papilloma" is understood to include hyperplasia but not "X-celllesions".
Regional distribution
Information on the regional distribution of dab afflicted with epidermal papilloma and hyperplasia was given by Dethlefsen & Watermann (1980) . Based on material from 7 cruises it was concluded that the central part of the German Bight and its immediate vicinity was characterized by higher percentages of dab with epidermal papilloma and related lesions than the regions outside of this area. Since no statistical treatment of the data has been attempted and lengths of individuals have not been taken into account as a possible interfering variable, the force of this statement has been doubted (M611er, 1981) . In the further process of evaluating the data, use was made of the control chart developed for industrial quality control in order to locate areas of higher prevalence of disease . In this approach a weighted mean of the relative frequency of diseased fishes for the whole area under observation was taken as the central line in the control chart regarding only those length classes that were found to be afflicted. Positive or negative deviations of the weighted means of the single trawl catches expressed in standard deviation units (Duncan, 1974, p. 403 ff.) were taken to differentiate between areas with higher and lower relative frequencies of diseased specimens. For example, stations outside the 1-sigma limit were marked by a + 1 or -1 sign, respectively. When stations were found to fall outside the upper 2-sigrna limit, they received a 2 + sign. Boundary lines between sites of higher and lower prevalences of lesions were drawn regarding the signs of stations located within the 1-sigma limits. Areas were compared by analysis of a series of 2 × 2 tables (Cochran, 1954) taking length as an interfering variable. Two typical examples are given for the distribution of epidermal papilloma in winter (January 1980) and summer (June 1980). German Bight J a n u a r y 1 9 8 0 (Fig. 1) . Length classes found to be afflicted were 10, 16, 18 to 28, 30 cm (standard length, cm below). Total number of specimens caught in afflicted length classes was 2739 and total number of specimens afflicted was 69. Fishes from the Area A in the surroundings of the titaniumdioxide wastes dumping area were afflicted at a rate of 3.2 %, while fishes in Area B showed infection rates of 1.1%. Statistical comparison with the infection rate of dab from the reference area yielded no significant difference (c~ > 0.05) (percentages refer only to afflicted length classes). J u n e 1 9 8 0 (Fig. 2) . Length classes found to be afflicted were 13 to 29 and 34 cm. Total number of specimens caught in afflicted length classes was 20136, total number of afflicted specimens was 208. Three areas -A, B and C -with prevalences of 1.7, 3.8 and 0.7 % could be separated by means of the p-chart (percentages refer to afflicted length classes). Figure 3 shows the prevalence as a function of size. Size class 34 cm was omitted from the graph because only 2 specimens of this size were caught. The Figure 1 . Additional symbols', ~)stations with low number of dab (disregarded in drawing boundary lines but taken into account for calculation of significance). Open circles marked by an asterisk: stations omitted from consideration because length was not measured in all fishes caught differences in infection rates between Area C and Areas A and B were significant at a level of c~ < 5 × 10 -5. Relative frequencies of dab in length classes found to be afflicted in Areas A and C are given in Figure 4 . Comparison of length groups 13 to 19 cm, and 20 to 29 cm yielded significance levels of ¢x < 0.0005 and a < 0.00025 respectively. The relative frequencies for length classes 13 to 29 cm for Areas B and C are given in Figure 5 . The significance of the overall difference in prevalences between these two areas is solely based on differences in length classes 21 to 29 cm (a < 5 x 10-5).
Length f c m ) Increased prevalences of tumour-bearing dab can be demonstrated to occur in the dumping area for wastes from titandioxide production. For the example chosen (June 1980), fishes of both length groups contribute to the significance of difference in prevalences between the dumping area and comparison area. When prevalences from Areas B and C are compared it becomes obvious that the difference is caused only by fishes of larger size. To characterize the occurrence and abundance of this disease outside the German Bight area, i.e, in the North Sea, two examples are given, for January 1983 and June 1982.
North Sea J a n u a r y 1 9 8 3. The total number of dab investigated was 7280; the number of fish afflicted 123 = 1.7 % (Fig. 6) (percentage refers to total number investigated). Stations within the German Bight and on a northwestern transect up to 56" N showed high percentages of afflicted fish. At stations off the Humber estuary, similarly high percentages of afflicted specimens were caught. Highest percentages of infections were found at 2 stations on a northeastern transed off the Humber estuary.
J u n e 1 9 8 2. The total number of dab investigated was 22794; 340 specimens were afflicted = 1.5 % (Fig. 7 ) (percentage refers to total number investigated). In the northern and central northern part of the area investigated only low numbers of dab were caught. No diseased specimens were amongst these. Increased relative frequencies of Since the first systematic epidemiological investigation in the North Sea in the late 1970's, information is now available on the occurrence of epidermal papilloma in dab also from other areas. Wootten et al. (1982) demonstrated the occurrence of this disease in dab from Scottish coastal waters in relatively high frequencies. It was also found during a single-cruise survey in the southern Irish Sea. Average infection during this cruise was 1.1% (Bucke et al., 1983a) .
On the other hand, McArdle et al. (1982) and Bucke et al. (1983b) failed to demonstrate the presence of this disease in dab on the east coast of Ireland and from the Thames estuary. It was present in Danish waters up to the Kategatt area (M611er, 1981) and in Dutch, Belgian and French coastal waters (P. van Banning et al.; pers. comm.). From these findings it can be concluded that in the southern North Sea and in certain coastal areas of the northern North Sea percentages of dab afflicted with epidermal papilloma appear to be similar to those observed during our cruises. In contrast, M611er (1981) found exceptionally low infection rates during his investigation on the occurrence of this disease in German and Danish coastal waters. In context with our studies investigations have been made on the seasonal fluctuations of diseases of dab in certain areas within the German Bight (Wolthaus, 1984) . His results reveal that the relative frequencies of dab afflicted with epidermal papilloma undergo marked seasonal fluctuations, with maxima in April and lowest infection rates in August. As M611er surveyed the area in August 1980, he covered a period of minimum infection rates; his conclusions are therefore of limited value.
Regarding the occurrence of the disease in dab of the German Bight, the statement by Dethlefsen & Watermann (1980) is still valid. The centre of the German Bight features increased frequencies of dab afflicted with papilloma. This finding is further strengthened by results of Wolthaus (1984) . During a period of 20 months, infection rates of dab with epidermal papilloma in the dumping area were consistently higher than in reference areas. This is the area used for dumping of wastes from titaniumdioxide production. On a wider geographic scale, further disease hot spots can be realized. One is located in areas in the relative vicinity of the Humber estuary close to the Dogger Bank. Other locations near the British east coast off the Tyne estuary are also characterized by increased frequencies of dab with epidermal papilloma.
Biological factors
Some of the biological factors to be considered as being possibly involved in triggering the outbreak of fish diseases are: condition factor (expressing the nutritional status of the fish), food, population density (influencing the spread of a communicable fish disease) as well as the role of fisheries. Below, some information is given on these factors in relation to the occurrence and abundance of epidermal papilloma in dab.
Condition factor
In general, diseased fishes show lower condition factors than fishes without obvious indications of disease; this has been demonstrated for plaice infected by tymphocystis by Mann (1970) and for ulcerated dab by M611er (1981) . There is some indication that a negative correlation might exist between the prevalence of diseased dab and a low condition factor if infection rate and condition of healthy specimens are compared at corresponding stations (M611er, 1981) . Wedemeyer (1970) draws attention to the importance of the nutritional state of the host and to the interaction between nutritional deficiencies and infectious agents. According to Scrimshaw (1966) , synergistic and antagonistic interactions of nutrition and infection exist.
In October 1981, condition factors of healthy females were taken from dab from the Dogger Bank and the German Bight area for comparative purposes. In general, condition factors of females from the Dogger Bank were lower than those recorded for female dabs from the German Bight area. In the centre of the German Bight elevated condition factors of dab were found. In our data, no correlation was detectable between the prevalence of epidermal papilloma and condition of dab when these correlations were calculated for the German Bight and the Dogger Bank separately.
Stomach content
According to Lee (1972) , dab on the Dogger Bank might suffer from starvation, since the rich biomass available is low in nutrient value. Possibly, this means that the major food sources of dab in that area are echinoderms. We investigated stomach contents of dab in May 1983 from stations in the southern North Sea. Thirty fish per station were investigated and major food sources were recorded. The proportion of dab feeding on echinoderms was variable and no consistent picture could be obtained for the area covered. Dab from stations of the Dogger Bank area did not feed predominantly on echinoderms. Dab feed on benthos organisms available in their habitat (Kfihl, 1963) . Regional differences in stomach-content of dab would therefore reflect differences in abundance of benthos. According to Ursin (1960) , the number of echinoderm specimens per unit of area was particularly low on the Dogger Bank. Petersen (1977) found the highest total macrobenthic biomass on the Dogger Bank as compared to that of other North Sea areas. Similarly, Rachor (1982) showed that the total biomass of macrobenthos on the Dogger Bank was higher than that of other areas. Neither lack of food nor predominance of food organisms low in nutrient value would therefore explain the lower condition factors of dab from this area.
Population density
High population density can facilitate the transmission of communicable diseases and may increase the susceptibility of fish to disease due to stress caused by crowding (Sindermann, 1979) . We therefore investigated whether correlations existed between infection rates and the population density of dab in our data. Again two typical examples are given, one from June 1982 and one from January 1983 (Fig. 8) . In general, the population density, expressed as numbers of fish caught per 30 min of trawling, was higher during the summer cruise than that measured during the winter trawling. During summer, high population density was encountered at certain stations within the German Bight, the Dogger Bank and off the British coast. This implies that a correlation between prevalences of fishes afflicted with epidermal papilloma and population density might exist. If correlations were calculated between the two factors for the respective cruises the results were negative. 
Net injuries
Fishing pressure is supposed to be one significant stress on exploited fish populations. One of the assumptions heard in this context is that in areas with high fishing pressure infection rates of fishes might be higher due to net injuries. Danish investigators suggested that a correlation exists between fishing activities and frequencies of ulcers in cod from Baltic coastal regions (Milj6-Projekter, 1981) . During our investigations we often encountered net damage of dab at different stages of healing. We investigated the frequency of these phenomena and recorded whether fish with healed net injuries were otherwise healthy or diseased. Table 3 lists results for January 1983. Altogether 54 fish with healed net injuries and 7280 fish without net injuries were investigated. Infection rates for epidermal papilloma and lymphocystis and different stages of ulcerations were similar. Only for healed ulcerations were higher prevalences found on fish with healed net injuries. This might be due to the fact that the healing of wounds from net injuries and that of ulcers is similar. The two symptoms might therefore be confused. When linear correlations are calculated between the relative frequency of netinjured fishes and the relative frequencies of diseased fishes at stations fished in January 1983, these correlations were positive for the three diseases mentioned. This might indicate that at certain periods of the year a link exists between fishing pressure and relative frequencies of diseased dab.
The assumption that fishing pressure plays a role in triggering disease of dab needs to be substantiated b]~ further investigations. Considering net injuries as a possible factor contributing to the outbreak of disease it should be mentioned that regeneration of wound healing processes in fish might be retarded in the presence of organochlorines and heavy metals (Weis & Weis, 1976) .
Chemical factors of relevance for the distribution of dab afflicted with epidermal papilloma
Since 1969, the centre of the German Bight has been used for the dumping of annually 750000 t of 12 % acid iron wastes from titaniumdioxide production. Iron accompanied by a variety of heavy metals with carcinogenic potential -such as chromium, manganese and titanium -prevails in increased concentrations in the centre and vicinity of the dumping area (Weichart, 1975) . Concentrations of ca 1 mg Fe 1-1 persist for considerable periods of time in the dumping area. Often Fe concentrations in bottom near waters exceed those measurable at the surface (Schmidt, 1980; own data, Deutsches Hydrographisches Institut, 1983} . Increased levels of heavy metals due to the dumping were also analyzed in sediments of the dumping area as shown by results of three independent studies (Dominik et al., 1978; Irion, 1982; Haase, 1983) . We investigated whether some of these heavy metals might be retrieved from dab tissues.
Iron in epidermis
Iron staining with Prussian blue of paraffin sections of the epidermis of dab revealed the presence of particulate iron in mucous cells in the neighbourhood of papillomas. This could be demonstrated for fish from waste dumping areas (wastes from titaniumdioxide production and from sewage sludge} in the inner German Bight. Iron particles were visible in mature mucous cells near the surface in mucous granules. In some cases, iron was also present in the intermediate layers of the epidermis. In histological sections of fish from other areas of the German Bight (from stations about 80 nautical miles west of the Island of Sylt and north of the East Frisian Islands}, iron was detected only in singular cases in the epidermis of dab in the above-mentioned distribution patterns, i.e. in mucous cells. This was also true in sections from fish from the Dogger Bank area, and from stations off the British coast where iron was found only in macrophages inside the stroma underlying epidermal papilloma.
Chromium in liver and epidermal tissue
In January 1981, liver and tissue (dorsal fin) samples were taken from dab caught in the German Bight and analyzed for chromium (Fig. 9) . At the stations in the Elbe estuary, chromium values in livers of dab were elevated and there were slightly increased chromium concentrations in livers of dab from the vicinity of the dumping area for titaniumdioxide wastes.
Highest chromium concentrations in dorsal fins of dab are carried by individuals in the vicinity of the dumping area. Increased values were still detected in fish from regions northeast and southwest from this location. Two ways of uptake of chromium are suggested: (1) Uptake through food resulting in high concentrations in fishes in the Elbe estuary; high chromium contents were demonstrated for ophiurids from this area.
(2) Uptake through absorption by external tissues resulting in increased epidermal chromium in dab from the titaniumdioxide wastes dumping area.
The occurrence of particulate iron in certain epidermis cells of dab from the dumping area, as demonstrated by histochemical methods, shows that iron accompanied by the carcinogenic chromium may intrude into sensitive target cells. Lehtinen & Klingstedt (1983} detected iron, titanium and copper in mucous cells of gill epithelium of the experimental fish after exposure to wastes from titaniumdioxide production. Karjala (1980 found elevated concentrations of copper, cadmium, lead and zinc in gills of flounders from an area where wastes from titaniumdioxide production are dumped. Temmink et al. (1983} demonstrated 
CONCLUSIONS
Dab Limanda limanda and cod Gadus morhua are the species most frequently afflicted with various diseases which sometimes occur in epizootic proportions in the North Sea (MSller, 1979; Dethlefsen, 1980; M611er, 1981; Watermann et al., 1982) . The abundance of both species has significantly increased in the southern North Sea over the last 20 yr (Cushing, 1983; Tiews, 1983) . Reasons for the recent increase in abundance of dab and cod are unknown. Cushing (1983) draws attention to the existence of long-term periodicities in production cycles in the North Sea. Due to the increase in numbers of fishes, the host-agent relations for these two species must have changed during the last 20 yr causing an imbalance to the advantage of the agents.
For the same period, significant changes in water quality are documented. For example, the concentrations of nutrients in German coastal waters have increased (Gillbricht0 1981). Low dissolved oxygen situations recur in bottom-near waters in German, Danish and Swedish coastal waters (Lindahl & Hernroth, 1981; Dethlefsen & yon Westernhagen, 1983; Dyer et al., 1983; Rachor & Albrecht, 1983) .
A recent increase in heavy metals in sediments has been documented by F6rstner & Patchineelam (1981) . The parallelism of changes in stocks and in water quality make it almost impossible to define the role of the two factors in their contribution to the outbreak of the diseases discussed in this review. These difficulties are aggravated by the high variability of our data (Dethlefsen et al., 1984) . The variability is significantly influenced by the seasonality of disease frequencies. There is also a remarkable haul-tohaul and station-to-station variability which is, to a certain degree, superimposed by individual differences in the accuracy of different investigators. The situation is further complicated by the fact that the area under survey is far from being homogenous in hydrographical, topographical or biological terms. Our assumptions concerning pollutant gradients are often over-simplifications. While concentrations of certain heavy metals in seawater and organisms are high in onshore waters and decrease with increasing distance from the coast (Harms, 1975; Schmidt, 1980) , certain heavy metals, e.g. cadmium, do not follow this pattern, being more evenly distributed than others (Schmidt, 1980} . In regard to arsenic in fillet of plaice, increased concentrations were found in fish from offshore regions in the German Bight (Andersen, 1979) . Certain organochlorine residues in livers of cod from offshore regions were much higher than in onshore fish (Kerkhoff et al., 1982) .
Concentration gradients of oil and related substances display unorthodox patterns due to location of production sites in the central northern North Sea (Gunkel et al., 1980} . Furthermore, figures for prevalence of fish diseases do not indicate the incidence at which a disease occurs in a fish population (Wootten et al., 1982) . A low prevalence might result from mortalities due to the disease, and high prevalences might occur for very short periods, e.g. immediately after pollution impact.
Despite these uncertainties, our data suggest that links might exist between increased prevalence of diseased dab and substances discharged with wastes from titaniumdioxide production. It is possible that heavy metals, including chromium, are involved in aggravating prevalences of epidermal papilloma in dab. The Dogger Bank area features exceptionally high rates of disease in dab, and it is one with exceptional combinations of high heavy metal concentration (Baker, 1977) and high concentrations of PCB's (Gaul & Ziebart, 1983) . High frequencies of diseased dab at stations off the British coast near highly industrialized areas possibly reflect the degree of contamination of these coastal stretches. In most attempts at documenting a relation between fish diseases and pollution, relatively short distances were covered between pollution hot spots and reference areas (M611er, 1981; McArdle et al., 1982; Bucke et al., 1983a, b) .
Areas characterized by high frequencies of diseased dab coincide with long-range transport routes of persistent pollutants {see Kautsky [1977] for long-range transport of radioactive material}. This could lead to the hypothesis that large-scale occurrence of fish diseases reflects long-range transport of pollutants.
From the information at hand, the following conclusions may be drawn: (1) In the North Sea, cod and dab are the fish species most frequently afflicted with externally visible lesions. While lymphocystis, ulcerations and epidermal papillomas are the most frequently occurring external lesions in dab, pseudobranchial turnouts and ulcerations are most frequently observed in cod. (2) Starting in the German Bight, a northwestern transect up to 60°N and the Humber estuary, and from there a northeastern transect to 60°N and areas off the British coast, are characterized by increased frequencies of diseased dab. (3) For epidermal papillomas of dab in the German Bight the following statements can be made: (a)There is a coincidence of elevated tumour rates and elevated concentrations of heavy metals in water, sediments and fish tissue in the dumping area for wastes of titaniumdioxide production and its vicinity. The occurrence of increased prevalences of diseases of North Sea fishes should be interpreted as evidence for an increasing impact on the local marine ecosystem. In view of the uncertainty concerning the causes of the changes observed, careful attention must be paid to marine pollution management.
